Introduction
Abnormalities of proximal renal tubular function in the nephrotic syndrome are rare but well documented (Bruck, Rapoport and Rubin, 1954 ; Kovnat and Lin, 1974; Pabico et al., 1976) , particularly in children. The mechanisms underlying this combination remain obscure; a number have been proposed (Vitacco et al., 1970) including the recent speculation that a common mechanism linked by immune-mediated processes could be at work in some cases (Shwayder et al., 1976) . In addition, little is known about the effect of steroid or other therapy in this mixed syndrome.
A case is now reported of an adult with nephrotic syndrome due to mesangiocapillary glomerulonephritis (MCGN) who subsequently developed a potassium-losing state, generalized amino aciduria and glycosuria. His course and response to steroids are described and the possible mechanisms underlying his disease are considered.
Case report
A 35-year-old butcher presented in August 1976 with a 4-month history of backache and swelling of the ankles, which had gradually progressed to involve the legs, abdomen and face. He had gained weight, and his urine had become frothy in the previous 2 months. He had had a sore throat 4 months previously but never had any skin or joint trouble. In the past he had been asthmatic with allergies to pollen and animal furs, but had been desensitized in 1971. He had had scarlet fever in his teens and viral meningitis in 1971.
Examination showed gross oedema extending to the umbilicus and involving the face. He was normotensive (BP, 130/80 mmHg) A renal biopsy showed glomeruli with accentuated lobularity, mesangial hypercellularity, and capillary wall thickening. The tubules were mostly normal, although early atrophic changes were present in places (Fig. 1) .
A diagnosis was made of nephrotic syndrome due to early MCGN. The subsequent course was marked by heavy proteinuria up to 23 g/24 hr and resistant oedema requiring constant changes in diuretic therapy (Fig. 2) . There was a drop in renal function but creatinine clearance was never <39 ml/min (Fig. 2) group.bmj.com on June 30, 2017 -Published by http://pmj.bmj.com/ Downloaded from lymphocytic infiltration (Fig. 4) . By immunofluorescence microscopy, granular deposits of IgG and C3 were detected in glomerular mesangia and capillary loops; no immunoglobulins or complement components were associated with tubular basement membranes.
It was decided to start a course of prednisolone empirically, and at the time of writing (1979) he had made an excellent response. The oedema disappeared and he required no diuretics by the middle of December 1978. Urine protein excretion fell to 035 g/24 hr and serum albumin rose to 42 g/l, while the creatinine clearance returned to normal (117 ml/ min).
Further studies of proximal tubular function also indicated considerable improvement. The serum potassium rose to normal (Fig. 3) while potassium requirements dropped to 40 mmol/day. Urine potassium excretion fell to 49 mmol/day, and glycosuria disappeared. The amino acid chromatogram and the repeat amino acid clearance studies (Table 1) showed a reduction in amino aciduria. In addition, urine acidification and concentration tests were both normal (Table 2) , as were 24-hr urinary excretions of phosphate (34 mmol/24 hr). (Bruck et al., 1954) , but there are well documented cases of proximal tubular abnormalities and nephrotic syndrome in the absence of end-stage uraemia in children (Shwayder et al., 1976; Stanbury and Macaulay, 1957; Burke et al., 1971) and adults (Sherman and Becker, 1971; Weinreb et al., 1970. The pathophysiological mechanisms underlying tubular damage in this context remain unknown, but many have been proposed, including the damaging effect of heavy proteinuria (Pabico et al., 1976; Weinreb et al., 1970) , hypokalaemic nephropathy (Stanbury and Macauley, 1957) , glycogen deposition in distal tubule cells (Kovnat and Lin, 1974) , specific autoimmune tubular and glomerular disease (Shwayder et al., 1976; Naruse et al., 1976) and the general tissue damage associated with end-stage glomerulonephritis and uraemia (Sherman and Becker, 1971) . A variety of histological patterns has been described in this mixed syndrome, the most common of which is MCGN with immune complex deposition (Dreher, Zimmerman and Simpson, 1977; Vitacco et al., 1970) . Other patterns reported include 2 cases of focal segmental sclerosis (McVicar, Exeni and Susin, 1974) , and one of membranous glomerulonephritis (Kovnat and Lin, 1974) . Tubulointerstitial nephritis is seen in most cases but there is probably no relationship between this histological feature and biochemical abnormalities of tubular function (Dreher et al., 1977) .
The lack of clinical and pathological uniformity in these patients makes it unlikely that there is a single underlying mechanism causing tubular damage. Most of the childhood cases progressed rapidly to renal failure (McVicar, et al., 1974; Burke et al., 1971) and in these patients it seemed reasonable to explain tubular dysfunction as being secondary to gross renal damage and uraemia. Some authors have considered that this may always be the case; there is indeed a growing body of experimental evidence that in nephrotic syndrome with good renal function, both tubular function (Maddox et al., 1974; Andreucci et al., 1973; Oken and Flamenbaum, 1971) and morphology (Ryabov et al., 1978) are essentially normal and able to compensate appropriately for the changed intraluminal and peritubular environment. Sherman and Becker (1971) (Pabico et al., 1976; Weinreb et al., 1970) . In the present case, however, the abnormalities in proximal tubular function correlated with the degree of proteinuria as well as with the level of renal function, both before and after steroid therapy.
Hypokalaemia was a marked feature in the present patient. There is doubt, however, whether hypokalaemic nephropathy can explain the glycosuria, amino aciduria and potassium-losing state. The classic features of hypokalaemic nephropathy do not include a severe potassium-losing state (Hollander and Blythe, 1971) , and a renal concentration defect is usually present, which was not so here ( (Naruse et al., 1974; Ozawa et al., 1975; Pardo et al., 1975) and experimental work has confirmed this (Heymann et al., 1959) . In all these cases the glomerular disease was unassociated with any tubular abnormality. An exception, however, is a recent report of a 6-year-old girl who developed glycosuria, amino aciduria and phosphaturia together with the nephrotic syndrome (Shwayder et al., 1976 
